The Bunyamwera bunyavirus (BUN) M RNA genome segment encodes three proteins, two glycoproteins termed G1 and G2 and a non-structural protein called NSm, in the form of a polyprotein precursor that is cotranslationaUy cleaved to give the mature proteins. Indirect immunofluorescence experiments have shown that these proteins localize to the Golgi complex in BUN-infected cells. We have used a recombinant vaccinia virus (vTFT-3), which expresses bacteriophage T7 RNA polymerase, to drive the expression ofplasmids containing either the entire BUN M segment cDNA or fragments that encode the G1, G2 and NSm proteins separately under control of the T7 promoter. After transfection of these plasmids into vTF7-3-infected cells, correctly sized and processed proteins were detected by immunoprecipitation with BUN-specific antibodies. Immunofluorescence experiments showed that G1, G2 and NSm localized to the Golgi when transiently expressed from the full-length cDNA. When G2 or NSm were expressed separately they also localized to the Golgi, but when G1 was expressed alone a staining pattern typical for the endoplasmic reticulum was obtained. However coexpression of G2 and G1 from independent plasmids resulted in G1 localizing to the Golgi. In contrast translocation of G1 to the Golgi was not observed when G1 was coexpressed with NSm, although NSm itself was still detected in the Golgi. Similar results were obtained when the proteins were expressed from transfected plasmids containing the G2-, NSm-or Gl-coding sequences under control of the cytomegalovirus immediate-early promoter. The localization of G1 to the Golgi when coexpressed with G2 was confirmed by the loss of endoglycosidase H (endo H) sensitivity of G1 after approximately 60 min in a pulse-chase experiment; G1 remained sensitive to endo H when expressed either alone or in combination with NSm. These results suggest that G2 contains the Golgi targeting and/or retention signals and that G1 has to interact with this protein to localize to this cellular compartment.
Introduction
The Bunyaviridae is a large family of mainly arthropodtransmitted viruses and is divided into five genera: Bunyavirus, Hantavirus, Nairovirus, Phlebovirus and Tospovirus. Common features of members of the Bunyaviridae include the possession of a tripartite negative or ambisense RNA genome and virus maturation in the Golgi. The M (middle-sized) RNA segment encodes the two virion glycoproteins termed G1 and G2, and in addition non-structural proteins have been assigned to the M segments of viruses in some genera. Evidence derived from nucleotide sequence and other experimental data suggests that in the majority of cases terminus of the precursor polypeptide (Ihara et al., 1985; Kakach et al., 1988) . At least three non-structural proteins have been assigned to the Dugbe nairovirus M segment, and two of these are precursors to G1 and G2 (Marriott et at., 1992). The bunyavirus M segment also encodes a non-structural protein (again termed NSm) which is located between the coding regions for the structural glycoproteins, i.e. the gene order is 5' G2-NSm-G1 3' (Fazakerley et al., 1988) . The plant-infecting tospoviruses display a further variation in Bunyaviridae M segment coding strategy: G1 and G2 are encoded as a polyprotein in a typical negative-sense manner but NSm is encoded in the genomic sense RNA in an ambisense arrangement (Law et at., 1992).
Our laboratory has been studying glycoprotein expression by Bunyamwera virus (BUN) which is the prototype of the Bunyavirus genus. Recently we constructed a recombinant vaccinia virus containing BUN M segment cDNA, and showed that processing and intracellular targeting to the Golgi complex of the BUN glycoproteins using this expression system are similar to those in BUN-infected cells. Furthermore we raised a synthetic peptide antiserum to the BUN NSm protein and demonstrated by immunofluorescence experiments that NSm is also localized to the Golgi complex in both BUN-and recombinant vaccinia virus-infected cells (Nakitare & Elliott, 1993) . To investigate further the expression of the individual M segment-encoded proteins, and to study the interaction between them, we have subcloned regions of the M segment cDNA which encode G2, NSm and G1 into plasmids under control of the bacteriophage T7 RNA polymerase promoter. The proteins have been expressed transiently following transfection of these plasmids into cells previously infected with the recombinant vaccinia virus vTF7-3 (Fuerst et al., 1986) which expresses T7 RNA polymerase. Plasmids were also constructed containing the G2-, NSm-and Gl-coding regions under control of the human cytomegalovirus (HCMV) major immediateearly promoter and simian virus 40 (SV40) RNA processing signals for transient expression in the absence of coinfecting vaccinia virus. In this paper we describe experiments which indicate that G2 contains the Golgi targeting and retention signal(s), and that G1 requires coexpression with G2 to localize to the Golgi. NSm can also localize to the Golgi when expressed on its own, but is unable to direct G1 to the Golgi in coexpression experiments.
Methods
Viruses. BUN was grown in BHK cells as described previously (Watret et al., 1985) . Vaccinia virus vTF7-3 (a gift from Dr B. Moss) was grown in CV-1 cells and purified as detailed by Mackett et al. (1985) .
Plasmids. Plasmid construction, transformation of Escherich& coli strain DH5ct and purification on CsCl-ethidium bromide gradients followed standard protocols (Sambrook et al., 1989) . The enzymes involved were purchased from Bethesda Research Laboratories, New England Biolabs or Boehringer Mannheim and used according to the manufacturers' recommendations. BUN M segment cDNAs were cloned into T7 promoter-containing plasmids so that T7 transcripts were of message-sense (Fig. 1) ; full details of these constructions are described by Nakitare (1992) . pTF7-5BUNM is an essentially fulllength M segment cDNA [nucleotides (nt) 32 to 4446) in the vector pTF7-5 (Fuerst et al., 1987) under control of bacteriophage T7 promoter and terminator sequences and its construction was described earlier (Nakitare & Elliott, 1993) . pTF7-5G2 contains nt 1 to 941 (DraI site) of the M segment cloned into the filled-in BamHI site of pTF7-5, and thus encodes amino acids 1 to 295 of the polyprotein precursor. pTZNSm contains the complete NSm-coding region and was obtained using PCR to amplify the appropriate sequences from the M segment cDNA, using oligonucleotides NSml (5' GCTGCCCGGGATGAGG-CTTTGCAAATCATCATT) and NSm2 (5' CGATCCCGGGTCAT-GCGACCATTATAATTGTAT) as primers. NSml is complementary to nt 963 to 982 of the M segment and introduces an in-frame ATG codon after a SmaI restriction site (underlined), and NSm2 is a reverse primer corresponding to nt 1484 to 1465 of the M segment and introduces a TGA stop codon and SmaI restriction site (underlined). The amplified DNA product was digested with Smal and ligated with similarly digested and dephosphorylated pTZ18U DNA. pTZNSm thus encodes amino acids 303 to 476 of the BUN M gene polyprotein. pT7T3G1 contains the M segment sequences from the BamHI site at position 1352 to a Pstl site [which had been introduced during cDNA cloning of the M segment (Lees et al., 1986; Nakitare & Elliott, 1993) ] at position 4446, cloned into pT7T318U (Pharmacia). The translation product from this plasmid corresponds to amino acids 459 to 1443 of the polyprotein.
For transient expression in the absence of coinfecting vaccinia virus the G2-, NSm-and G l-coding regions described above were subcloned into appropriate restriction enzyme sites in the eukaryotic expression vector pCMV10 (Stow et al., 1993) , under control of the HCMV major immediate-early promoter and RNA processing signals of SV40.
Antibodies. Rabbit antisera against purified BUN virions (anti-BUN) and against a branched peptide derived from NSm (anti-NSm) have been described previously (Watret et al., 1985; Nakitare & Elliott, 1993) . Monoclonal antibodies (MAbs) which recognize BUN proteins were prepared by intraperitoneal inoculation of BALB/c mice with a lysate of BUN-infected mouse 3T12 ceils emulsified in Freund's complete adjuvant. The mice received a booster intravenous injection of BUN virus 6 weeks later. Hybridoma cell lines were produced by fusing partially purified spleen cells to P3X63Ag8 myeloma cells using polyethylene glycol, followed by selection in HAT medium. Antibodysecreting cell lines were identified by ELISA using the procedure described by Gonzalez-Scarano et al. (1982) . The antibodies were further characterized by their reactivity in immunoprecipitation experiments using radiolabelled BUN-infected BHK cell extracts. One MAb against GI, designated MAb 742, was used for the immunofluorescence studies reported below, although identical results were obtained with another anti-G1 MAb designated MAb 810 (data not shown).
Infection and transfection of cells. Subconfluent monolayers of CV-1, HeLaT4 + (Maddon et al., 1986) (Elliott, 1990 ) with the mapped coordinates obtained for snowshoe hare bunyavirus (Fazakerley et al., 1988) . The lower part of the figure shows the plasmids used in this study and the M segment-specific amino acids (above) and nucleotides (italics, below) that are contained within them. The stippled boxes indicate protein-coding regions and the symbol ~ indicates the T7 promoter.
plasmids or 2.5 pg Gl-encoding plasmids. The lipid mixture contained 0.4 mg dimethyldioctadecylammonium bromide and 1.0 mg dioleoyl tc~-phosphatidylethanolamine (both from Sigma) per ml of distilled water and was prepared as described by Rose et al. (1991) . After 5 h incubation at 37 °C, 1 ml Dulbecco's MEM containing 10 % FCS was added, and incubation continued at 37 °C.
Radiolabelling of cells and immunoprecipitation. Transfected or
infected monolayers of CV-1 cells were labelled with [35S]methionine (100 laCi/ml) at 17 h post-transfection or 24 h post-infection for 2 h. The cells were lysed in RIPA buffer (150mM-NaC1, 1% sodium deoxycholate, 1% Triton X-100, 0-1% SDS, 100 mM-Tris HC1 pH 7.4, 1 mM-PMSF) and reacted with the antisera. Immunoprecipitates were collected on Protein A-Sepharose beads (Sigma), and washed three times with RIPA buffer (Nakitare & Elliott, 1993) . Radiolabelled proteins were fractionated on SDS-polyacrylamide gels as described previously (Watret et al., 1985) .
Endoglycosidase H (endo H) digestion. Immunoprecipitates of
[35Slmethionine-labelled BUN proteins were collected on Protein A-Sepharose beads and treated with endo H (New England Biolabs) exactly as detailed previously (Nakitare & Elliott, 1993) .
Indirect immunofluorescence, vTF7-3-infected, plasmid-transfected cells were fixed 8 h post-transfection, pCMV10 derivative-transfected cells were fixed at 48 h post-transfection, and BUN-infected cells were fixed 20 h post-infection with cold ( -2 0 °C) methanol for 10 rain for the detection of internal antigens, or with 3.7 % paraformaldehyde for 20min at room temperature for detection of antigens on the cell surface. After fixation the cells were washed with PBS before staining. Antisera or hybridoma supernatants were diluted in PBS (anti-BUN, 1:500; anti-NSm, 1 : 100; and MAb 742, 1:50) and incubated with the cells for 30 min at room temperature. In double labelling experiments the fixed cells were incubated with the MAb first and then incubated with the anti-BUN or anti-NSm sera. The cells were then washed with PBS and stained with fluorescein isothiocyanate-conjugated goat antirabbit IgG serum and/or with rhodamine isothiocyanate-conjugated goat anti-mouse IgG serum (both obtained from Sigma) for 60 min at room temperature, washed with PBS and examined under u.v. illumination in a Nikon Microphot-SA microscope. In some experiments rhodamine isothiocyanate-conjugated wheatgerm agglutinin (WGA) was used to stain the Golgi complex of fixed cells.
Results

Construction o f T7 promoter-containing expression plasmids
T h e gene l a y o u t o f the B U N M s e g m e n t and the sequences c o n t a i n e d w i t h i n the e x p r e s s i o n p l a s m i d s are s h o w n s c h e m a t i c a l l y in Fig. 1 . T h e a m i n o acid b o u n daries o f G2, N S m a n d G1 h a v e n o t b e e n m a p p e d directly for the B U N M s e g m e n t p o l y p r o t e i n , b u t are based o n c o m p a r i s o n w i t h the s i t u a t i o n in the s n o w s h o e h a r e b u n y a v i r u s M g e n o m e s e g m e n t ( F a z a k e r l e y et al., 1988) w h i c h s h a r e s an overall 50 % a m i n o acid identity with B U N (Elliott, 1990) . p T F 7 -5 B U N M c o n t a i n s the c o mplete M s e g m e n t o p e n r e a d i n g f r a m e a n d was used p r e v i o u s l y to c o n s t r u c t a r e c o m b i n a n t v a c c i n i a virus that expressed correctly sized a n d processed G2, N S m a n d Elliott, 1993) . p T F 7 -5 G 2 c o n t a i n s the p r e d i c t e d N -t e r m i n a l signal s e q u e n c e o f G 2 a n d e n c o d e s G 2 sequences u p to the c o n v e n i e n t DraI reached. The NSm region was obtained by PCR and incorporated translational initiation and stop codons; the expressed product encompasses amino acid residues 303 to 476 of the polyprotein. The N terminus of BUN G1 is predicted to occur at residue 477 (Elliott, 1990) . pT7T3G1 contains nt 1352 to 4446 of the M segment; the 5'-extreme AUG in a T7-driven transcript derived from this construct corresponds to the codon for the Met residue at position 459 in the polyprotein.
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Characterization of proteins synthesized using the vaccin& virus-T7 transient expression system
CV-1 cells were infected with the recombinant vaccinia virus vTF7-3, with BUN or were mock-infected. Replicate vTF7-3-infected cells were then transfected (using liposomes) with plasmids that contained either the entire M segment cDNA (pTF7-5BUNM) or the coding regions of the individual M segment proteins G2, NSm and G1 (pTF7-5G2, pTZNSm and pT7T3G1 respectively). The cells were pulse-labelled with [35S]methionine for 2 h at 17 h post-infection and cytoplasmic extracts were reacted with either an antivirion serum (anti-BUN) which recognizes G1 and G2 (Watret et al., 1985) , or an antipeptide serum (anti-NSm) which recognizes NSm (Nakitare & Elliott, 1993) . Immune complexes were collected on Protein A-Sep~rose beads; the beads were suspended in dissociation buffer (Methods) and incubated for 30 min at room temperature [we reported previously that G2 cannot be detected if the samples are boiled (Nakitare & Elliott, 1993) ], before being analysed by SDS-PAGE. The proteins immunoprecipitated by a mixture of anti-BUN and anti-NSm sera from pTF7-5BUNM-transfected cells (Fig. 2 , lane 4) were indistinguishable in size from authentic BUN M segmentencoded proteins (lane 2) and were not present in the mock-infected cells (lane 1) or in vTF7-3-infected control cells (lane 11). In addition the sizes of the individual M segment proteins G1 and NSm expressed from their respective plasmids in vTF7-3-infected cells (lanes 6 and 10) were the same as proteins expressed from the entire M segment cDNA or in BUN-infected cells. The G2 protein expressed from pTF7-5G2 (lane 8) migrated slightly slower in the gel than authentic BUN G2 because of the additional amino acids at the C terminus. Thus the individual M segment proteins can be expressed independently from plasmids which contain the appropriate sequences and a translational initiation codon. Treatment of cells expressing BUN glycoproteins with the glycosylation inhibitor tunicamycin (5pg/ml) resulted in a slightly faster migrating G1, which comigrated with authentic BUN G1 labelled under the same conditions (lanes 3, 5 and 7). The small mobility difference between the glycosylated and unglycosylated forms of G1 was reported previously (Lees et al., 1986) and is consistent with the presence of only two potential N-linked glycosylation sites in G1 (Elliott, 1990) . Hence by this criterion transiently expressed G1 was glycosylated similarly to authentic G1. Tunicamycin treatment did not result in an observable migration difference for G2 in BUN-infected cells, and in tunicamycin-treated, transfected cells poor incorporation of the radiolabel and/or the reduced stability of the glycoproteins precluded the ready identification of G2.
Intracellular localization of transiently expressed M segment-encoded proteins
The distribution of M segment-encoded proteins in vTF7-3-infected HeLaT4 + cells transfected with pTF7-5BUNM was monitored by immunofluorescence using the anti-BUN and anti-NSm sera and MAb 742. All antibodies gave a typical pattern of Golgi fluorescence (data not shown) indicating that NSm and G1 expressed from the full-length cDNA located to the Golgi. These results are similar to those noted previously using a recombinant vaccinia virus constructed using this same plasmid (Nakitare & Elliott, 1993 ). Since we do not have a specific antibody to G2 we assume that this protein also located to the Golgi because the anti-BUN serum (which reacts with G2 and G1) and MAb 742 gave similar Golgi-specific fluorescence. No surface fluorescence of pTF7-5BUNM-transfected cells was seen with any of the three antibodies (data not shown); this contrasts with our observations on BUN-infected cells reported previously when surface fluorescence was noted (Nakitare & Elliott, 1993) . HeLaT4 + cells were infected with vTF7-3 and transfected with plasmids that encoded the individual M segment proteins i.e. pTF7-5G2, pTZNSm and pT7T3G1 (Fig. 3) . Both G2 (Fig. 3 a) and NSm (Fig. 3 c) were located in the Golgi of transfected cells as determined by counterstaining with WGA (Fig. 3 b, d ). In contrast, cells expressing only G1 showed a staining pattern with both MAb 742 and the anti-BUN serum that was generally cytoplasmic with some evidence of nuclear membrane staining (Fig. 3e, f) , a pattern suggestive of the endoplasmic reticulum (ER). This p~ttern of staining is clearly distinct from that shown when BUN-infected HeLaT4 + cells are stained with MAb 742 (Fig. 3g) or anti-BUN serum (Fig. 3h) ; this suggests that in the absence of G2 and/or NSm G1 remains in the ER. Note that MAb 742 is able to recognize G1 although the protein has not reached its target destination in the cell and thus may not be correctly folded or fully processed. Incubation of the cells in the presence of cycloheximide did not alter the staining pattern, whereas brefeldin A caused the Golgi-localized staining observed with G2 and NSm to become generally cytoplasmic (data not shown). No surface fluorescence was noted when any of the three M segment proteins was expressed alone (data not shown). Fig. 3(i,j) show the absence of staining of vTF7-3-infected cells with either MAb 742 or the anti-BUN serum.
To investigate possible interactions between the M segment-encoded proteins HeLaT4 + cells were infected with vTF7-3 and then co-transfected with combinations of the G2, NSm and G1 plasmids. With cells which were co-transfected with the G2-and Gl-encoding plasmids (Fig. 4a ) MAb 742 gave a typical Golgi-like staining pattern, in marked contrast to that seen when G1 was expressed on its own (Fig. 3e) . Similar results were obtained when cells were co-transfected with all three plasmids (data not shown). However, in cells which expressed both G1 and NSm from separate plasmids (Fig. 3b, c) , G1 staining remained cytoplasmic. G2 and NSm both localized to the Golgi in cells co-transfected with pTF7-5G2 and pTZNSm (data not shown). These results suggest that targeting of G1 to the Golgi requires coexpression with G2 but not with NSm.
Transient expression of Bunyamwera virus M segment proteins in the absence of coinfecting vaccinia virus
A potential, although we feel unwarranted, criticism of using a vaccinia virus-based system for transient expression of the bunyavirus proteins is that vaccinia virus infection itself may affect the intracellular distribution of the expressed proteins. To address this point we have subcloned the same GI-, G2-and NSm-coding regions described above into the eukaryotic expression vector pCMV10 (Stow et al., 1993) under control of the efficient HCMV immediate-early promoter, which allows expression of the encoded proteins following transfection of cells with only the plasmid DNA. The G2 construction again lacks the C-terminal seven amino acids of G2 and contains 16 amino acids derived from the vector, Immunofluorescence experiments were done on both transfected HeLaT4 + and BHK cells, and as shown in Fig. 5 the results were exactly comparable to those using the vaccinia virus-T7 system. G2 and NSm alone localized to the Golgi (Fig. 5a to d ) whereas G1 alone gave an ER-like staining pattern (Fig. 5e,f) . Coexpression of G1 with G2 resulted in G1 fluorescence in the Golgi (Fig. 5g, h ) but when G1 was coexpressed with NSm (Fig. 5i, j) , G1 still gave an ER-like staining pattern (Fig. 5i) .
The results of these and the previous experiments showed that localization of G1 to the Golgi complex required concomitant expression of G2 but not of NSm. When G2 was absent G1 probably remained associated with the ER. 
Endo H digestion of expressed proteins
Interpretation of immunofluorescence data can be subjective and therefore additional evidence that the intracellular localization of the G1 glycoprotein was dependent upon the presence of G2 but not of NSm was obtained by endo H treatment of immunoprecipitated proteins from cells transfected with different combinations of plasmids. Endo H digests N-linked oligosaccharides that are in the high mannose form, but not oligosaccharides in the complex form; conversion to more complex forms occurs in the medial Golgi (Kornfeld & Kornfeld, 1985) , and hence resistance to endo H can be used to determine whether a protein has reached the medial Golgi. When G1 was expressed alone from pT7T3G1 (Fig. 6a ) the faster migrating, endo Hsensitive form was observed throughout the chase period. When G1 was coexpressed with G2, some slower migrating endo H-resistant G1 was observed after 60 min of chase (Fig. 6b) . However not all the G1 became resistant to endo H in these cells, which is consistent with the view that not all the ceils were transfected with both plasmids and hence expressed both proteins. Previously we reported that essentially all of the G1 became endo Hresistant in cells infected with a recombinant vaccinia virus which expresses the full-length M segment cDNA (Nakitare & Elliott, 1993) . When G1 was transiently expressed in vTF7-3-infected cells cotransfected with pTZNSm, G1 remained sensitive to endo H throughout the chase period (Fig. 6c) . Insufficient counts were incorporated into G2 to allow us to monitor the effects of endo H on this protein.
Discussion
The M genome segment of viruses in the family Bunyaviridae encodes the two virion glycoproteins, termed G1 and G2, as a precursor polyprotein. Some viruses also encode a non-structural protein (NSm) on the M segment, and the sizes of the proteins and their arrangement within the precursor vary between different Bunyaviridae genera (see Introduction). In this paper we describe studies on the glycoproteins encoded by the prototype of the family, Bunyamwera virus. We have shown by transient expression of cloned cDNAs that processing of the entire precursor occurs in the absence of other BUN proteins, and that the individual proteins can be expressed from appropriate subclones derived from the full-length cDNA. Furthermore we have demonstrated that the G2 and NSm proteins contain Golgi targeting and/or retention signals whereas G1 does not, but probably remains in the ER. Coexpression of G2 and G1 from separate plasmids resulted in both proteins localizing to the Golgi; however, NSm was unable to localize G1 to the Golgi in coexpression experiments. Similar results were obtained whether the proteins were expressed via the vaccinia virus-T7 system or from plasmids containing the HCMV immediate-early promoter, and in two cell types. Both the G2 constructs (under T7 or HCMV promoter control) used in these experiments lacked seven amino acids from the predicted C terminus of G2, and contained additional amino acids derived from the vector. In more recent experiments we have expressed cDNAs encoding full-length G2, without additional amino acids, and observed identical results to those described above (D. F. Lappin & R. M. Elliott, unpublished) . The Golgi localization of recombinant proteins was confirmed by endo H digestion experiments. Our results are directly comparable to those obtained with representatives of two other Bunyaviridae genera, Phlebovirus (reviewed by Matsuoka et al., 1991) and Hantavirus, for which expression of the individual glycoproteins has been studied. However, at this point it is worth recording that the nomenclature of the glycoproteins is based on their electrophoretic migration in polyacrylamide gels, with the slower migrating protein being designated G1. However for some phleboviruses, which have similarly sized glycoproteins, G1 of one virus corresponds to G2 of another, and vice versa. This is clearly unsatisfactory if one wishes to consider isofunctionality between glycoproteins in different genera, and hence we propose a new nomenclature: the glycoprotein at the amino terminus of the precursor be called GN, and that at the carboxy terminus Gc. With this revised nomenclature phleboviruses and bunyaviruses share the property that GN by itself is able to localize to the Golgi [i.e. BUN G2 (this paper), Punta Toro (PT) virus G1 , and Uukuniemi (UUK) virus G1 (R6nnholm, 1992) ], whereas Gc requires coexpression with GN to localize to this compartment. Conflicting results were obtained with Hantaan virus. Pensiero & Hay (1992) reported that G1 (GN) could localize to the Golgi but G2 (Go) could not, whereas Ruusala et al. (1992) reported that neither glycoprotein alone could reach the Golgi. This discrepancy remains to be resolved but may be explained by the fact that the two groups used significantly different cDNA clones to encode the glycoproteins separately. Should the results of Pensiero & Hay (1992) be verified then for three genera of the Bunyaviridae GN would be isofunctional in containing the Golgi targeting/retention signal. As yet no information on the targeting of individually expressed nairo-or tospovirus glycoproteins is available. From our studies it would appear that BUN NSm plays no role in the localization of G1 and G2 to the Golgi; coincidentally the NSm of phleboviruses is not required for retention of the glycoproteins in the Golgi (Matsuoka et al., 1988) . However, the significance of this observation is unclear as the proteins called 'NSm' are located in different parts of the polyprotein and there is no evidence that they are isofunctional.
Comparison of the amino acid sequences of BUN GN, PT GN and UUK GN does not reveal a readily identifiable linear amino acid motif that might be a Golgi targeting/retention signal; nor is there any obvious amino acid sequence conserved in BUN NSm, which is also targeted to the Golgi. Studies on other proteins which localize to the Golgi, such as ~-2,6-sialyltransferase (Munro, 1991) , fl-l,4-galactosyltransferase (Nilsson et al., 1991) , and coronavirus E1 glycoprotein (Swift & Machamer, 1991) , have shown that Golgi retention signals are contained within the membrane-spanning domains of these proteins; no obvious homology was noted between these domains and hence it is likely that the physical properties of these domains are responsible for retention (Machamer, 1991) . We are currently attempting to delineate the Golgi targeting and/or retention signals in BUN GN by specific mutagenesis of the protein and construction of chimeric proteins containing portions of GN fused to proteins normally destined for other cellular membranes.
